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TWO-DIMENSIONAL WIND-TUNNEL TESTS OF A NASA SUPERCRITICAL 
AIRFOIL WITH VARIOUS HIGH-LIFT SYSTEMS 
Volume 1 1 -Test Data 

By E. Omar. T. Zierten, M. Hahn, E. Szpiro, and A. Mahal 
The Boeing Company 
Commercial Airplane Group 

INTRODUCTION 


This document is the second volume of a two-volume technical report on NASA contract 
NASl-10824, ’’Two-Dimensional Wind Tunnel Tests of the NASA Supercritical Airfoil With Various 
High-Lift Systems,” awarded to The Boeing Company in May 1971. While this volume is complete 
in itself as a data report, it is also intended to complement volume I, which presents the evaluation 
and analysis portion of the contract study. 

The data presented in this volume include; 

• Aerodynamic data in the form of C£ versus a, Cj, and C|tiq 25 ^, 

• Surface pressures in the form of Cp versus x/c 

• Boundary-layer and wake profiles of a single-slotted flap configuration 

• Tables of the locations of boundary-layer transition and separation obtained through flow 
visualization 

This volume also includes discussions of: 

• Wind tunnel models 

• Test facilities and instrumentation 

• Data reduction procedures 

• Data two-dimensionality 



SYMBOLS 


All geometric airfoil parameters defined below are illustrated in figure 1 . 


AR 

c 

c' 


t 

Cf 

‘^f 




D: 


AC^ 




®max 

Cl 

^25c 


D 

G 

h 

H 

L 


wing aspect ratio 

airfoil reference chord length, meters 

camber-line length of a deployed high-lift system measured from the wing leading 
edge (0,0) to the trailing edge of the last flap component, meters 

camber-line length of a deployed trailing-edge flap, meters 

chord length of a retracted flap, meters 

chord length of a deployed leading-edge device, meters 

section drag coefficient, Cj = D/q^S 

wing induced-drag coefficient 

increment in drag due to buoyancy force 

section lift coefficient, Cj = L/q^S 

maximum lift coefficient an airfoil configuration generates as angle of attack is varied 
wing lift coefficient 

section pitching moment coefficient about a moment center located at (0.25c, 0) 
^"^0.25c ~ 

pressure coefficient, (P|^ - PoQ)/qQQ 

drag, newtons 

slot gap size, meters 

wind tunnel test section height, meters 
boundary-layer shape factor, H = 
lift, newtons 


pitching moment, newton-meters 


t'reestream Mach number 

local static pressure, newtons per square meter 
local total pressure, newtons per square meter 

total pressure at the outer edge of wake or boundary layer, newtons per square meter 
freestream static pressure, newtons per square meter 

freest ream dynamic pressure, q^^ = p^o newtons per square meter 

Reynolds number based on airfoil reference chord length 

arc length, meters 

airfoil maximum thickness, meters 

local velocity (see eq. ( I ) and fig. B2), meters per second 
freestream velocity, meters per second 

local potential velocity (see eq. (2) and fig. B2), meters per second 

velocity at the outer edge of the wake or boundary layer (see fig. B2), meters per 
second 

horizontal and vertical cartesian coordinates, meters 

location of the leading-edge point of a high-lilt component in a deployed posi- 
tion, meters 

airfoil component overlap measured parallel to the chord line of the most forward of 
two overlapping components, meters 

elevation (measured from the wing chord line) of the trailing edge ot a leading-edge 


device, meters 


airfoil angle of attack, degrees 


wing induced angle of attack, degrees 
boundary-layer thickness, meters 

trailing-edge flap deflection measured from the wing chord line to the flap component 
chord line, degrees 

equivalent plain flap deflection angle; the deflection of a plain flap having the same 
chord and producing the same potential flow lift as a deployed slotted trailing-edge 
flap, degrees 


deflection of a leading-edge device measured from the wing chord line to the device 
chord line, degrees 

boundary-layer displacement thickness, meters 
boundary-layer momentum thickness, meters 
local fluid density, kilograms per cubic meter 


freestream density, kilograms per cubic meter 


TEST SETUP AND DATA REDUCTION 


MODEL DESCRIPTION 

The wind tunnel model was machined of 4340 steel, heat treated to 1 12.5 kN/m^ (160,000 
psi) for the basic section and SAE 06 tool steel, heat treated to 105.5 kN/m^ (150,000 psi) for the 
high-lift devices to achieve the strength necessary for proposed future high Reynolds number testing. 
The 0.6096-m (24-in.) chord by 0.9144-m (36-in.) span basic model (fig. 2) was built with detach- 
able leading and trailing edges to allow incorporation of combinations of high-lift devices. The con- 
tours of the model components were maintained at tolerance levels of ±0.025 mm (±0.001 in.) near 
the leading edge and ±0.076 mm (±0.003 in.) elsewhere on the model. An 8.13 micron (32 fx'm.) 
finish was maintained on the surface of the model parts. The ordinates of the model components are 
presented in tables I through 6. 

The high-lift devices, when tested, were mounted in the tunnel by attaching them to the turn- 
tables using steel end plates (fig. 3) so the flow over the model would be affected as little as possible 
by the attachment system. The leading-edge slats and the vane of the trailing-edge flaps were equipped 
with brackets at 33% and 67% span, in addition to the end plates, to restrict the deflections at mid- 
span due to aerodynamic loads. The brackets (fig. 4) were constructed such that they were kept as far 
as possible from tlie slot entrances to minimize their effects on slot flow. 

All of the model components contain a chordwise array of surface static pressure orifices along 
the centerline of the model. In addition, models A, B, and C (with the exception of the vane), con- 
tain chordwise arrays of surface static pressure orifices located 50.8 and 101 .6 mm (2 and 4 in.) 
from the tunnel wall to verify two-dimensionality. All three models also contained spanwise arrays 
of surface static pressure orifices. The locations of the orifices in all of the model components are 
listed in table 7. 


TEST FACILITIES 


Wind Tunnel 


The tests were conducted in the Boeing research wind tunnel (BRWT) at .Seattle. The BRWT is 
a single-return closed-circuit tunnel designed and built as a two-dimensional high-lift test facility. The 
test section of BRWT is 0.9 144 m (36 in.) wide by 2.4384 m (96 in.) high and has a length of 
6.0961 m (20 ft). The contraction ratio of the tunnel bellmouth is 12.1 to 1 . The wind tunnel is 
vented to atmospheric pressure immediately aft of the test section. The freestream turbulence level 
in the test section is 0.07. The general arrangement of the wind tunnel is shown in figure 5. 
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The model, which spanned the width of the test section, was rigidly mounted on two 0.9144-m 
(36-in.) diameter turntables that were completely Hush with the sidewalls. The entire assembly of 
the model and turntables was rotated (pitched) about the axis of the turntables, which is coincident 
with the balance center, to vary the angle of attack of the model. 


Two-stage wall boundary-layer control (BLC) was applied by means of tangential blowing up- 
stream of the model and at critical locations on the turntables to ensure two-dimensional flow over 
the model. A layout of the model/turntable/BLC system is shown on figure 6. 

Instrumentation 

The two primary instrumentation modes used during the test were the balance and the pressure 
measurement system. 

Located below the test section is a six-component external strain-gage balance that was used for 
measuring the forces and moments on the model. The model and turntable assembly were attached 
to the balance box beam by means of a box-beam stanchion arrangement on both sides of the test 
section (fig. 7). The balance was used to measure the aerodynamic lift, drag, and pitching moment 
acting on the model. Since the balance drag measurements include the skin friction drag of the turn- 
tables, their measurements are only used for backup. Accurate drag measurements were made with 
an integrating wake rake. 

The pressure measurement systems used during the test consisted of the integrating wake rake 
and the surface static pressure orifices. 

The integrating wake rake (fig. 6) consists of a vertical row of small-diameter total-pressure 
tubes having high line loss and vented to a common plenum. The difference between the pressure in 
the common plenum and freestream total pressure has been calibrated against drag values calculated 
on the basis of static and total-pressure surveys through the wake. Hence, measurements of this pres- 
sure difference readily yield an accurate measurement of profile drag. The wake rake was located 2.5 
model chords aft of the model leading edge and was remotely positioned vertically such that the rake 
was centered on the wake. The rake was also traversed spanwise such that the drag could be averaged 
across the span. 


Transducers coupled with scanivalves were used for the measurement of the surface static pres- 
sures on the model components. The tunnel test section total and static pressures were measured 
using permanently installed transducers that were calibrated frequently during the test. 


Measurement of the geometric angle of the model was achieved by use of a potentiometer. The 
tunnel total temperature was measured by means of a chromel-alumel thermocouple. 


The measurements of the boundary layer and wake discussed under ‘"Data Reduction” and 
presented in appendix A were made using pitot and static pressure probes and a hot-wire anemometer 
A flattened pitot probe was used for the boundary-layer survey, and a round-tip pitot tube of 1 .02 mn 
(0.04 in.) outside diameter and 0.76 mm (0.03 in.) inside diameter was used for the wake survey 
(fig. 8). These two probes were stacked in a rake fashion and mounted on a traversing drive mechan- 
ism. The distance between the two probe tips was varied from 1 1 .4 mm to 19.1 mm (0.45 in. to 0.75 
in.). The static probe was used to measure the static pressure in both the boundary layer and the 
wake (fig. 8). The probe has four static-pressure holes of 0.05 mm (0.002 in.) diameter at 90° inter- 
vals around a 1 .0 mm (0.04 in.) outside diameter tube. The holes were located 10 diameters down- 
stream of the hemispherical tip of the probe. 

A constant-temperature hot-wire anemometer was used to measure velocities where flow angu- 
larity might prevent accurate measurement with the pitot and static probes, as at the slot gap and 
minimum Cp region on the flap. 

The accuracy of the instrumentation is discussed under “Data Reduction.” 


DATA DESCRIPTION 
Force and Moment Data 

The airfoil section aerodynamic data presented in this volume consists of the section lift, drag, 
and pitching moment data for each of the models tested (app. A); the boundary-layer and wake data 
obtained on model B (app. B);and the surface pressure distribution on the airfoil section components 
of each model (app. C). The data logs, tables 8 through 1 1 , contain details of the configurations for 
which the data are presented. 

The section lift and pitching moment coefficients presented in the figures of appendix A are 
the corrected balance data. The corrections applied to these data are discussed under “Data Reduc- 
tion.” The section drag coefficients presented are the data obtained using the integrating wake rake. 


The torce and moment data for the basic airfoil section (model A) are presented in figures A1 , 
A2, and A3. Figures A4 through A6 present the force and moment data obtained on the single- 
slotted flap configuration (model B). The double-slotted flap configuration with slat 1 (model C) 
data are presented in figures A7 through A 1 6. The force and moment data for the triple-slotted 
trailihg-edge flap configuration with slat 2 (model D) or with slat 1 are presented in figures A17 
through A26. 


The relationships of the force and moment figures to the various studies in the wind tunnel test 
are presented in table A1 . The boundary-layer transition locations determined by the sublimation 
technique using a kerosene-kaolin mixture on the various model configurations are presented in 
table A2. 


Boundary-Layer Data 

The boundary-layer and wake data obtained on the single-slotted flap configuration (model B) 
are presented in figures B1 through B16. The significant test parameters are presented in table B1 . 

The location of the wake/boundary-layer survey stations and a schematic of the various wake/ 
boundary-layer components are presented in figures B1 and B2, respectively. The local potential 
velocity” distribution obtained from the measured local static pressure and the wake/boundary- 
layer edge total pressure at the survey locations are presented in figures B3, B4, and B5. The varia- 
tion of the potential velocity along the upper surface of the flap is presented in figure B6. The wake/ 
boundary-layer velocity profiles, nondimensionalized with the local potential velocity, are presented 
in figures B7, B8, and B9. The velocities measured with the hot-wire anemometer and pitot and 
static probes at the three survey stations where the static pressure variation is significant are presented 
in figures B 1 0, B 1 1 , and B 1 2 . 

The variations of displacement thickness, momentum thickness, and shape factor of the bound- 
ary layer along the upper surface of the flap and the wake over the flap are presented in figures B1 3, 
B14, and B1 5. The variations of the boundary-layer displacement thickness and momentum thick- 
ness in the cove of the wing are presented in figure B1 6. 

Surface Pressure Data 


The pressure distributions on the airfoil components are presented in figures Cl through C29. 
The data consist of the corrected surface static pressure data obtained on the tour models tested. The 
manner in which these data were corrected is discussed in the next section. 

The pressure data for the basic airfoil (model A) are presented in figures Cl through C4. Figures 
C5, C6, and C7 present the pressure data for the single-slotted flap configuration (model B). The 
double-slotted flap configuration with slat 1 (model C) data are presented in figures C8 through Cl 8. 
The pressure data for the triple-slotted flap configuration with slat 2 (model D) or with slat 1 are 
presented in figures Cl 9 through C29. 

The relationships of the pressure figures to the various studies in the wind tunnel test are pre- 
sented in table Cl . 


DATA REDUCTION 


\ 


Corrections to Force, Moment, and Pressure Data 

The acquired data, discussed in the previous section, were corrected for wind tunnel boundary 
effects and test apparatus characteristics. These corrections have been verified, where applicable, by 
an accurate potential-flow analysis and are considered applicable to the liigh-litt configurations inves- 
tigated in this test. 

The wind tunnel boundary corrections that have been applied include; 

• Corrections to the freestream dynamic pressure due to solid and wake blockage 

• Lift, pitching moment, and angle-of-attack corrections due to the effects of floor and 
ceiling constraints on streamline curvature 


• Compressibility effects for freestream dynamic pressure 
Other corrections that have been applied are: 

• Balance interactions obtained by experimental calibrations 

• Lift and pitching-moment corrections due to the reactions of turntable blowing boundary- 
layer control obtained experimentally at wind-off conditions 

• Wall boundary-layer control effects on the tunnel freestream dyiiamic and static pressures, 
which were also obtained experimentally 

The corrections that were considered but not applied are: 

• The buoyancy force, which for this test has a negligible effect on the freestream dynamic 

pressure and the drag ^ 0.0002) 

• The boundary effects on the model pressure distribution, which is negligible if the chord 

of the model is less than 0.7 tunnel height as was the case for this test (chord/height = 0.25) 

• The induced angle of attack caused by the trailing vortices that are shed in the wall 
boundary layer 
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Wake/Boundary-Layer Data Reduction 


Due to the nature of the flow field in the immediate region of the flap, where the wake and 
boundary-layer measurements were taken, special consideration had to be given in the reduction of 
the data. The static pressure variation at a given survey station was obtained with the static probe 
while making a special effort to align the axis of the probe with the estimated local streamline. The 
measured local static and pitot pressures were then used to calculate the local velocity in the bound- 
ary layer and wake using the equation: 


U = 




Ps) 


( 1 ) 


A local equivalent potential velocity was determined using the measured local static pressure 
and a constant total pressure measured at the outside edge of wake and boundary layer at each sur- 
vey station such that: 


U„ = 


2(PToo-Ps) 


( 2 ) 


This velocity term was used to determine the wake/boundary-layer parameters as described 
below. The relationships of these velocities are illustrated in figure A2. 


In the present case, where there are large static-pressure variations in the transverse direction, 
the ordinary definition of boundary-layer displacement and momentum thickness cannot be applied. 
For this reason, the displacement thickness and momentum thickness were defined as follows; 


Displacement thickness = 


Momentum thickness = 


_! ro 

(P-U)p I 

jet/ 


[(pU)p-pU]dy 


pU[Up-U]dy 


P o 


where subscript p indicates equivalent potential values. 

The shape factor, H, was defined in the usual manner; 


H = 8*/e 


Data Accuracy 


The accuracy of the final corrected data is listed below. The probable errors are those that exit 
at or near the severest conditions. 



Parameter 

Accuracy 


f 

±0.01 

Forces and moments ^ 

Cd 

±0.001 


^"^0.25 

±0.005 

j 

1 Cd 

±0.01 

Pressures J 



1 

1 q 

±2.45 N/m^ (±0. 

Boundary-layer data ^ 

! ^ 

±2.0 m/sec (±6.5 


[ “ 

±0.1° 

Geometry ^ 

' Xq, Yq, Ax, G 

1 

±0.000 Ic 


i 

±0.05° 


TWO-DIMENSIONALITY 


The degree of two-dimensionality is of particular importance when obtaining data to be used 
as a standard for developing and evaluating two-dimensional theoretical methods. Phenomena that 
affect two-dimensionality include: 

• Flow separation in the juncture of the model and test section wall 

• Shedding of vorticity in the wall boundary layer 

• Nonuniformity of the locations of boundary-layer transition and separation 

• Longitudinal vortices in the model boundary layer 

The effects of the first two phenomena are demonstrated in figure 9. In one case, the wall 
boundary layer is allowed to separate due to the influences of the model pressure field. In the other 
case, the wall boundary layer is reenergized by tangential injection of high-energy air from discrete 
slots located in the wind tunnel walls forward and along the model juncture. With wall boundary- 
layer control applied, the full-span lift measured by the strain-gage balance and the center-span lift 
calculated from center-span pressure distributions compare well. In the BLC-off case, the juncture 
lift loss due to wall boundary-layer separation is represented by the difference in center-span and 
full-span lift. In addition, there is an appreciable difference in center-span lift between the BLC-on 
and BLC-off cases. This difference is due to an induced down wash created by juncture vortices 
emanating from the separated juncture region. 

The effects of BLC on spanwise surface pressures are presented in figure 10. The juncture lift 
loss is evident at survey stations 2, 3, and 4 where the BLC-off pressures tend to become more posi- 
tive as the wind tunnel walls are approached. The significant difference in pressure levels at stations 
1 , 2, and 3 reflects the effects of the induced down wash. 

Since drag measurements have been made by strain-gage balance and by wake-drag surveys, the 
downwash effect can readily be verified. For the BRWT test setup, the strain-gage drag measure- 
ments include profile drag, induced drag, and turntable skin friction drag. The turntable drag has been 
determined to be on the order of 0.01 . Subtracting this and the wake drag measurements from the 
strain-gage drag leaves only the induced drag. From induced-drag and lift measurements, the effective 
aspect ratio and the center-span induced angle of attack have been determined from the relationship 
^Dj ” ^i ^L “ Cl^/27t AR for wings with uniform lift distribution for the configuration presented in 
figure 9. Typical aspect ratios of 56 and 9, and induced down-wash angles of 0.6 and 3.4 were cal- 
culated for BLC on and off, respectively. As shown in figure 1 1, the center-span lift curves compare 




considerably better when the induced angle-of-attack correction has been made. Insufficient drag 
data are available at high angles of attack to properly determine the induced down wash; hence, the 
discrepancy in center-span lift near stall is still large. 

The effect of juncture vortices on drag is also demonstrated in figure 9. As the juncture vortices 
progress downstream, they draw in low-energy air from the wake; hence, wake drag measurements 
with BLC off are extremely low, compared with the BLC-on drag measurements. 

The BLC requirements for two-dimensional flow have been found to be dependent upon model 
configuration. Each model (A, B, C, and D) was investigated to ensure two-dimensionahty betore any 
data were recorded. Center-span and full-span lift measurements for representative configurations of 
models A, B, and C are presented in figures 1 2 through 14. With the exception of model A, the two 
lift measurements compare well. 

The boundary-layer characteristics of each model were observed by use of china clay. In all 
cases, the location of transition was found to be uniform across the span. Local premature transition 
does occur in narrow regions following flap support brackets and in the vicinity of the wall BLC jets. 
Flow visualizations of the leading- and trailing-edge high-lift components of configuration D at 
Cn are presented in figures 1 5 through 17. Figure 1 5 shows the transition locations on the 
leadin|-edge slat and the main airfoil components. The main airfoil transition occurs at its leading 
edge. The two discontinuities in the flow pattern occurring at x/c = 0.2 and x/c = 0.65 are seams at 
which the three main airfoil segments that are joined together. The fluid that seeps into these seams 
does not readily evaporate and gives the appearance of a transition line. A closeup of the leading 
edge is presented in figure 16. The details of the transition zone are clearly visible as are the ettects 
of the slat 2 support brackets and the wall BLC jet. The transition locations on the trailing-edge flaps 
are shown in figure 17. As in the case of the leading edge, the transition is uniform across the span of 
each flap component with the exception of the local premature turbulence resulting from flap sup- 
port brackets and wall BLC jets. 

The effects of longitudinal vortices introduced by flap support brackets on wake drag measure- 
ments was investigated. It was found that only the leading-edge support brackets produce significant 
vortices. Spanwise surveys of wake drag are presented in figure 18 for several angles of attack tor 
configuration D, with and without leading-edge support brackets. In both cases, the traihng-cdge 
support brackets are in position. At all angles of attack except-4 , the effects ot the leading-edge 
brackets appear very prominent. The effect on the averaged drag, however, is negligible, as shown in 
figure 19. At angles of attack above 8 , the longitudinal vortices have a slightly favorable effect on 
drag while below 8 the effect is adverse. They have no appreciable effect on lift and pitching 
moments. 
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TABLE 5.-M0DEL COMPONENT COORDINATES-Fo i AND F 



X and Y in percent of wing chord 
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TABLE 7.— Concluded 


X, percent 
of wing chord 


X, percent 
of wing chord 


•=2.1 

X, percent 

of wing chord 

Upper 

Lower 

0.080 



0.233 

0.256 

0.558 

- 

1.226 

- 

1.854 

2.188 

3.352 

- 

4.981 

- 

7.049 

6.969 

9.039 

- 

10.986 

- 

12.836 

12.799 

14.576 

14.533 


Upper 

Lower 

0.093 

0.101 

0.471 

- 

0.845 

- 

1.229 

1.641 

2.689 

- 

5.491 

5.819 

8.699 

- 

11.651 

12.933 

14.189 

- 

15.157 

15.141 


X, percent 
of wing chord 


Upper 

Lower 

0-0 

__ 

0.093 


0.593 

0.404 

2.100 

- 

3.643 

- 

5.672 

5.518 

7.687 

- 

1 1 .698 

- 

15.681 

17.559 

21.636 

- 

26.591 

26.538 

29.560 

29.513 


X, percent 
of wing chord 


X, percent 
of wing chord 
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TABLE W.-Concluded 




O 

CX) 

LD 00 

CD 

00 


00 

00 

CD 

CN 

rr 

CO 

LO 





CD ^ 


CO 

CO 

o 


r— 



o 

CO 


CN 



00 

r*- 


CO 

r-« 

00 


CD 

00 

Cv 


CO 

CN 



o 

o o 

o o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 


> 

CD CD 

1 1 

d d 
1 1 

d 

1 

d 

1 

d 

1 

d 

1 

d 

I 

d 

1 

d 

1 

d 

d 

1 

d 

1 

? 

? 



O CO 

o ^ 

CN 



00 

CO 

00 

CO 


CO 

o 





lO CD 

(D CO 



CD 

CD 


CN 

CD 

CD 

LO 


00 

r**- 


CM 

n CN 

r- CN 

CN 



— 


CO 

CO 

CO 

CD 


CD 

CN 


O 

CD CD 

CD CD 

CD 

CD 

CD 

CD 

(D 

CD 

<D 

CD 

CD 

CD 

03 

03 



CD d 

d d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 



CO 

o 


<D 

o 

CO 

00 

CD 

CD 


CD 

03 

03 




00 

CO 

CN 

o 

CD 

o 

lO 

CD 

CD 

00 


o 


CD 




CN 

o 


o 

r— 

T — 



o 

o 

o 

CN 



O — 


o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 


o 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 



+ 

+ 

\ 

1 

+ 

+ 

-1- 

-1- 

+ 

+ 


+ 

» 

1 


o 

CD 

CO 




CO 

lO 

CO 

lO 

CD 

00 


CO 

hN 



CN 

CN 



CD 

CN 

CD 

00 

00 

— 

CO 

CO 

CD 



r— 

ro - 

CO ^ 

CD 


CN 

o 

CN 

CN 

CN 

CO 

CN 

CO 

CO 

CD 


o 

00 

00 


00 

00 

00 

00 

00 

00 

00 

CO 

00 

00 




d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 



CN 

CN 

o 

o 

o 

o 

o 


o 

o 

o 


o 

o 



d 

d 

LO 

CO 

LO 

d 


lO 

CD 


CD 

CD 


LO 


lO 

LO 

t — 

C^3 

CO 

lO 

LO 

LO 

lO 

LO 





to X3 

io“^ 

LO“^ 

o 

o 

CD 

o 

o 

OJ 

io 

o 

o 

o 

CN 

o 



00 

00 

lO 


d 

id 

d 

lO 

CO 

d 

d 

d 

Ld 

1 

Ld 

I 



CN 

CN 

1 


CO 

CN 

CO 

CO 

CO 

CO 




O' O) 
<D o 



CN 

o 

LO 


CD^ 



CD 




CO 





CO 

LO 











o 


o 



o 

o 



o 

CO 







o 














<U 

CD_^ 

CD_^ 

CD„ 



CD 

<D« 



<D 

CN — 



1 


o 

o 

o 

o 



q 

o 



o 




1 


> 

d 

1 

d 

1 

d 

1 



d 

1 

d 

1 



CD 

d 

I 






CO 

CD 

CO 



CO 

CO 



CO 






u 

» — 

o 

J — 



1 — 

T 



, — 






o> 

CO , 

00—^ 

00 



00 

co_ 



CO 

CD_ 



1 


o 

o 

q 



o 

q 



o 

o 


** 

1 


o 

X 

d 

1 

d 

1 

d 

1 



CD 

CD 



d 

1 

CD 





<u o> 

o 

q 

q 



q 

q 



q 

o 





XJ 


LO”** 












1 

<< 

LT>’ 



id 

LO” 



id 

d" 



1 












LO 





"o 
















o 
















E 

>. 

O0 

O0 

O0O 

G 

O0<I 

o 

G0<I 

G 


c/3 
















c 

o 

CN 

CN 

CN 



CN 

CN 



CN 

CN 






LL 

LL 

LL 



LL 

LL 



LL 

LL 







CO 

t — 



T 

1 — 



, — 

CO 



CN 



a 

o 

CJ 



o 

o 



o 

o 



LL 





s - 



> 




> 





D) 

> 

> 

> 



> 

> 







CJ* 



CN 

CN 

CN 



CN 

CN 



CN 

CN 




c 

z 

z 

z 



z 

z 



z 

z 



$ 


o 

CN 

CN 

CN 



CN 

CN 



CN 

CN 





o 


_J 




_J 




_l 

_l 




o> 
















D 

<D Q> 

cn -o 



<T3 

n 

CJ 

TO 

03 XJ 

o 



o 


</) 

^ c 
o> t 

CO 

CO 





LO 



CD 

r>- 


00 

ct 

H- o 

c 

u 

o 

CJ 



o 

o 



o 

o 



o 

<u 

CU 0) 

o 

■D 

ro 



03 









u 

!= XJ 


' » 

CN 



CN 

CO 



'St 

LO 



CD 

o 

LL 

a> E 
o 

< 

< 

<~ 



< 

< 



< 

< 



< 


c 

. 


















25 










TABLE 11. -DATA LOG-MODEL D 
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09549 -00578 1H33 -0.2301 
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N, 


W 


MODEL "a" 



N - Wing Leading Edge 
W - Wing Spar 
T - Basic Trailing Edge 


C - Cove 

L - Leading Edge Device 
F - Trailing Edge Flap 


= .295 
= 1,12 


*=. 156 

= .325 
= 1,27 

= , 155 
= ,325 
= 1,33 


FIGURE 2.-MODEL COMPONENTS 
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FIGURE 4.-TYPICAL HIGH-LIFT COMPONENT BRACKETS 



FIGURE 5.-GENERAL ARRANGEMENT OF BRWT 







TEST SECTION 
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FIGURE 7-MODEL AND BALANCE STANCHION ARRANGEMENT 


( ALL DIMENSIONS IN mm 
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FIGURE 8.-WAKE/B0UNDARY-LAYER PROBES 


TEST SECTION WALL BLC 



CHARACTERISTICS OF MODEL C 
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PEHCENT OF SMN PERCCNT OF SMM 

FIGURE 10.-EFFECTS OF TEST SECTION WALL BLC ON SPANWISE PRESSURES OF MODEL C 










o 

Q 

Qi 

Uj 

O 

Q 


£ 

o 

0 

1 


u. 

o 

f2 

CJ 

Uj 

u. 

u. 

Uj 


O 

o 


o 

z 


Uj 

OC 

u; 





38 


I 











FIGURE 13 -COMPARISON OF CENTER-SPAN AND FULL-SPAN LIFTS OF MODEL C 
FOR 15° OF EOUIVALENT FLAP DEFLECTION 
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FIGURE 15.-FL0W VISUALIZATION OF UPPER SURFACES OF LEADING-EDGE FLAP 
AND WING OF MODEL D AT Cc FOR 8f =46° 




43 


FIGURE 16.-CL0SEUP VIEW OF THE LEADING-EDGE TRANSITIONS OE MODEL D 

AT Co FORbf ^46° 




1 
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FIGURE 17.-FL0W VISUALIZATION OF UPPER SURFACES OF WING AND TRAILING-EDGE 

FLAPS OF MODEL D AT Cq FOR bf =46° 

max eq 
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FIGURE 19.-EFFECTS OF LEADING-EDGE SUPPORT BRACKETS ON THE AERODYNAMIC 
CHA RACTERISTICS OF MODEL D FOR bf =16° 
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AIRFOIL SECTION CHARACTERISTICS 
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TABLE A 1. -FORCE AND MOMENT FIGURE DESCRIPTIONS 


Model 

Comments 

Figure number 


Mach number and Reynolds number 

A1 

A 

variation 


{basic airfoil) 

Transition strip effect 

A2 


Slat 1 effect 

A3 

B 

Slot gap and overlap effect (6^ = 20°) 

A4 

Flap deflection angle variation 

A5 

(single-slotted flap) 

Boundary-layer study configuration 

A6 


Slat 1 deflection angle variation 

A7 


Slat 1 slot optimization 

A8 


Flap angle combination at constant 
6f (44°) 
ea 

A9 


Wing/vane-slot gap and overlap effects 

(<5x -44°) 

eq 

A10 


Vane/flap-slot gap and overlap effects 

A1 1 

C 

(6f =44°) 


(double-slotted flap 

eq 


with slat 1 ) 

Flap deflection angle variation 

A12 


Flap angle combination at constant 
6f (49°) 
eq 

A13 


Wing/vane-slot gap and overlap effects 
( = 49°) 
eq 

A14 


Low flap deflection angle study 
(6f =15°) 

eq 

A15 


Low flap deflection without leading 
edge device { 6 * =13^ 

_ . eq 

A16 


Slat 2 deflection angle variation 

A17 


Slat 2 slot optimization 

A18 


Flap angle combination at constant 
<5^ (46°) 

eq 

A19 


Wing/vane-slot gap and overlap effects 
(6x -46°) 

eq 

A20 

D 

Vane/main-slot gap and overlap effects 
(6f =46°) 

eq 

A21 

Main/aft-slot gap and overlap effects 

A22 

(triple-slotted flap 

(6f =46°) 

eq 


with slat 2) 



Flap angle combination at constant 
6x (53°) 
eq 

A23 


Leading-edge device bracket effect 

(6f =16°) 

eq 

A24 


Flap deflection angle variation 
with slat 1 

A25 


Low flap deflection without leading- 
edge device ( 6f = 16°) 
eq 

A26 



TABLE A2.-B0UNDARY-LAYER TRANSITION LOCATIONS 


N^WC^F^ 

N^WC^F^ 


N^WC^F^ 

N^WC^F^ 

LjNjWC^Fj 

L2N2WC3F2 

N^WC^F2 

L1N1WC1F3 


L1N1WC1F3 

L1N1WC1F3 

L^N^WC^F3 


L2N2WC,F^ 

L 2 N 2 WT 


Pressure 


Transition locati< 

figure 

number 

O', deg 

Li or L 2 

Wing 

Cic 

0 

- 

18.8 


14 

- 

h 

•^64.2 

C5a 

0 

- 

NA 

C5i 

-6.5 

- 

Laminar 

°25.4 


-4 

- 

10.0 

1 ^60.0 


8 

- 

c 

0 0 
0 bo 

C6a 

0 

- 

NA 

C6c 

0 

- 

NA 

C15b 

0 

NA 

NA 

C17b 

0 

NA 

NA 

CIS 

0 

- 

1.7 

C23a 

0 

NA 

NA 

1 

15 

1.1 

2.1 

T 

C25b 

0 

NA 

NA 


2.5 

Laminar 

12.6 

6.7 

5.0 

3.3 

4.2 


F 2 2 F 3.2 


N 1 WC 3 F 3 C28 I 0 I ' ' I I 

^All transition locations on upper surface unless otherwise noted. NA = not available. 
**Lower surface. 
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FIGURE A2.-TRANSITI0N STRIP EFFECT-MODEL A 







FIGURE A4. —Continued 



CM 
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FIGURE A4.— Concluded 










FIGURE A 7.-Conduded 
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FIGURE A8.-SLAT 1 SLOT GAP AND HEIGHT OPTIMIZATION-MODEL C (br 
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FIGURE A8.— Continued 
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FIGURE A8,— Continued 








FIGURE A8.— Continued 






FIGURE A8.— Continued 







FIGURE A9.-EFFECT OF FLAP COMPONENT ANGLE COMBINA TION 
AT CONSTANT bf (44°)-MODEL C 



28 . 5 ^ 2 * .00979 0 . .0161 



FIGURE A10.-EFFECT OF WING-VANE SLOT GAP AND OVERLAP-MODEL C (8 







FIGURE A 10.— Continued 







FIGURE A lO.-Concluded 







FIGURE All. -EFFECT OF VANE-FLAP SLOT GAP AND OVERLAP-MODEL C (Sf 






FIGURE A 1 1 .—Continued 








FIGURE A 1 1 .—Continued 







FIGURE A 1 1. -Concluded 
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FIGURE A 13.-EFFECT OF FLAP COMPONENT ANGLE COMBINA TION 
A T CONSTANT 8f (49°)-M0DEL C 









FIGURE A15.-FLAP DEFLECTION ANGLE STUDY AT df = 15°-M0DEL C 
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FIGURE A20.-EFFECT OF WING-VANE SLOT GAP AND OVERLAP-MODEL D (b 




FIGURE A21.-EFFECT OF VANE/MAIN-FLAP SLOT GAP AND OVERLAP-MODEL D (bf =46°) 





FIGURE A22. -EFFECT OF MAIN-FLAP/AFT-FLAP SLOT GAP AND OVERLAP-MODEL D (8 




G|/c Ax|/c Gg/c Ax^/c G3/C AX3/C 



FIGURE A23.-EFFECT OF FLAP COMPONENT ANGLE COMBINATION 
A T CONS TANTdf (53°) -MODE L D 








FIGURE A24.-EFFECT OF LEADING-EDGE DEVICE BRACKETS-MODEL D (bf 








FIGURE A25.— EFFECT OF FLAP DEFLECTION ANGLE VARIATION WITH SLAT 1— MODEL D 
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APPENDIX B 


WAKE/BOUNDARY-LAYER MEASUREMENTS— MODEL B 


TABLE B1. -WAKE /BOUNDARY-LAYER TEST CONDITIONS 


Configuration N,WC 2 F 2 2 

(Basic nose and wing span with faired cove and single-slotted flap; 
= 20°; Ax/c = 0.01; and G/c = 0.02) 


Tunnel conditions: 

Moo = 0.201 and Re = 2.83 x 10® 


Model flow conditions: 

a = o'” and 4° 

a = 8° 

a = 8.5° 


Boundary-layer transition at 43% chord on flap, 
no separation 

Boundary-layer transition at 42% chord on flap, 
no separation 

Flow separation on main wing 
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X, MEASURED FROM L.E.'-Cm 


FIGURE B1.- WAKE/BOUNDRY-LAYER SURVEY STATIONS 



FIGURE B2.-WAKE/BOUNDARY-LAYER COMPONENTS 






FIGURE B4.-P0TENTIAL VELOCITY DISTRIBUTION, 






Local Potential 



ITY PROFILES, 






:iTY PROFILES, 






FIGURE B9.~ LOCAL VELOCITY PROFILES, 







FIGURE B12.-C0MPARIS0N OF HOT-WIRE AND PITOT-STATIC MEASUREMENT, a- 
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APPENDIX C 

PRESSURE DISTRIBUTIONS 


117 


TABLE Cl. -PRESSURE DISTRIBUTION FIGURE DESCRIPTIONS 



Comments F 

Mach number and Reynolds number 
variation 

Transition strip effect 
Slat 1 effect 
Slat 2 effect 

Slot gap and overlap effect ( 6^ 20*^ 

Flap deflection angle variation 
Boundary-layer study configuration 

Optimized configuration ( 6* ^ 44°) 

eq 

Slat 1 deflection angle variation 
Slat 1 slot optimization 

Flap angle combination at constant 

6, (44°) 

eq 

Wing/vane-slot gap and overlap effects 

(6f =44°) 

eq 

Vane/flap-slot gap and overlap effects 
{ 6f = 44°) 
eq 

Flap deflection angle variation 

Flap angle combination at constant 
6, (49°) 

eq 

Wing/vane-slot gap and overlap effects 
(6f -49°) 

eq 

Low flap deflection angle study 
(6f -15°) 

eq 

Low flap deflection without leading - 
edge device (fix ^13°) 
eq 

Optimized configuration 
Slat 2 deflection angle variation 
Slat 2 slot optimization 
Flap angle combination at constant 
6f (46°) 
eq 

Wing/vane slot gap and overlap effects 
(6f -46°) 

eq 

Vane/main-slot gap and overlap effects 
id. =46°) 
eq 

Main/aft-slot gap and overlap effects 
( = 46°) 

eq 

Flap angle combination at constant 
6f (53°) 
eq 

Leading-edge device bracket effects 

(6f -16°) 

eq 

Flap deflection angle variation with slat 1 

Low flap deflection without leading 
edge device (<5f =16°) 

eq 


igure number 
Cl 

C2 

C3 

C4 

C5 

C6 

C7 

C8 

C9 

CIO 

C11 

C12 

C13 

C14 

C15 

C16 

C17 

C18 

C19 

C20 

C21 

C22 

C23 

C24 

C25 

C26 

C27 

C28 

C29 
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«/c ~ ( I cm * JOe ) 
(b) 


FIGURE Cl. -Continued 

















x/c ^ ( I cm * .10 c ) 


(e) 

FIGURE Ch-Concluded 
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/e ~ ( I cm « .lOc ) 



STRIP EFFECT-MODEL A 





STM 


















*/e ( lem * -lOc ) 


(a) 

FIGURE C5.-EFFECT OF FLAP SLOT GAP AND OVERLAP-MODEL B (6 
















(e) 

FIGURE C5.— Continued 







(f) 

FIGURE C5.— Continued 
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(h) 

FIGURE C5. —Continued 













FIGURE C7.-B0UNDARY-LAYER STUDY CONFIGURATION-MODEL B (bf = 20°) 




FIGURE C8.-0PTIMIZED CONFIGURATION-MODEL C (5 






FIGURE C9.-EFFECT OF SLAT 7 DEFLECTION ANGLE VARIATION-MODEL C(bf 





11 . 21 “ 4.509 
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FIGURE C9.— Continued 






FIGURE C9.— Continued 





FIGURE C9.-Continued 






15.28“ 4.804 







FIGURE C9. —Concluded 





FIGURE C10.-SLAT1 SLOT GAP AND HEIGHT OPTIMIZATION-MODEL C (8 
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FIGURE CIO.— Continued 






8 . 16 ** 4.262 







FIGURE CIO.— Continued 









FIGURE CIO.— Continued 







FIGURE CIO.— Continued 










FIGURE CIO.— Continued 







FIGURE CIO.— Continued 







FIGURE CIO.— Continued 




FIGURE CIO.— Continued 





15.28® 4.747 



FIGURE CIO.— Concluded 






FIGURE C11.-EFFECT0F FLAP COMPONENT ANGLE COMBINATION 
A T CONSTANT bf (44’^-MODEL C 







FIGURE Cn .—Concluded 










FIGURE C12.-Continued 

















FIGURE C12.-Continued 






FIGURE Cl 2. — Continued 
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FIGURE C12.— Continued 



13.23® 4.662 

















12 . 25 * 4.877 














12 . 23 “ 4.740 







12.24® 4.829 






FIGURE CIS-Continued 







FIGURE Cl 3. —Continued 




12 . 24 ° 4.832 
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FIGURE Cl 3,— Continued 



FIGURE cl 3. —Concluded 








19.30® 3.989 













FIGURE CM.— Continued 



FIGURE C14.-Concluded 



FIGURE C15.-EFFECT OF FLAP COMPONENT ANGLE COMBINATION 
A T CONSTANT 5 . (49°)-M0DEL C 











FIGURE C17.-FLAP DEFLECTION ANGLE STUDY-MODEL C (5f 




FIGURE Cl 7, —Continued 









FIGURE C19.-0PTIMIZED CONFIGURATION-MODEL D (5f 

















FIGURE C20.— Continued 









FIGURE C21 .-SLAT 2 SLOT GAP AND HEIGHT OPTIMIZATION-MODEL D (b 





FIGURE C21. -Continued 
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15 . 35 “ 5.259 



FIGURE C21.— Continued 







FIGURE C21. -Continued 





FIGURE C21 .—Continued 





FIGURE C21 .—Continued 












FIGURE C22.-EFFECT OF FLAP COMPONENT ANGLE COMBINA TION 
AT CONSTANT bf (461-MODEL D 
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FIGURE C22.— Continued 







FIGURE C22.-Concluded 
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FIGURE C23,— Concluded 






FIGURE C24.-EFFECT0F VANE-MAIN FLAP SLOT GAP AND OVERLAP-MODEL D (Sf =46°) 





FIGURE C24.— Concluded 






FIGURE C25.-EFFECT OF MAIN FLAP/AFT FLAP SLOT GAP AND OVERLAP-MODEL D (b 
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FIGURE C26.-EFFECT OF FLAP COMPONENT ANGLE COMBINA T/ON 
AT CONSTANT bf (53°)-M0DEL D 








FIGURE C26.-Concluded 





FIGURE C27.-EFFECT OF LEADING-EDGE DEVICE BRACKETS-MODEL D (b 





















FIGURE C28.-Concluded 
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